We report the successful growth of epitaxial thin films of FeSe 1−x S x with x ≤ 0.43 via pulsed laser deposition. As S content increases, the nematic transition temperature, T s , decreases systematically and the superconducting transition temperature, T c , shows a gradual decrease even when x exceeds the nematic end point (NEP), similar to bulk samples. A new kink anomaly was observed in the ρ-T curves for films with large x, which is likely due to a magnetic transition. The obtained phase diagram of FeSe 1−x S x thin films is in contrast to that of FeSe 1−y Te y films, which shows a rapid increase of T c at the NEP. Our results demonstrate that the relation between the nematic order and the superconductivity is not universal in the FeSe system, suggesting that the nematic transition does not play a primary role in the superconductivity in these materials.
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One of the current problems in the field of superconductivity is the role of electronic nematicity in superconductivity of iron based materials. An iron chalcogenide superconductor, FeSe [1] , which is one of the iron based superconductors (FeBSs) with the simplest crystal structure, shows a structural transition from tetragonal to orthorombic phase at 90 K [2] , below which an orbital ordered state was observed [3, 4] . This structural transition has an electronic origin, and thus is also called the nematic transition. FeSe exhibits no long-range magnetic order at ambient pressure, while many other iron based superconductors show a magnetic transition at temperature very close to the nematic transition temperature [5] .
Therefore, FeSe is considered to be one of the most suitable materials for investigating the relation between the nematicity and the superconductivity in iron based superconductors.
Intense studies have been done on the chemical substitution of Se by isovalent S in
FeSe , in particular since a growth technique of FeSe single crystals by vapor transport was established [34] . With increasing S content, the nematic transition temperature decreases monotonically, and the superconducting transition temperature, T c , slightly increases up to ∼ 11 K and then starts to decrease. While there is no significant change in T c at the nematic end point (NEP), recent thermal measurement [33] and scanning tunneling microscopy/spectroscopy measurement [28] has revealed that the superconducting gap shows an abrupt change at the NEP. These results suggest that the nematicity affects the superconductivity in FeSe to some extent.
On the contrary, other isovalent substitution by Te results in a rather different behavior. Although it is well-known that bulk samples of FeSe 1−y Te y are not available in the composition region of 0.1 ≤ y ≤ 0.4 because of phase separation [35] , we have previously demonstrated the successful growth of single crystalline thin films with all y values, including compositions inside the miscibility gap of bulk samples, via pulsed laser deposition [36, 37] .
We have grown FeSe 1−y Te y films on two substrates, CaF 2 and LaAlO 3 (LAO), and the two phase diagrams obtained for the two different substrates show qualitatively the same behavior: the Te substitution decreases the nematic transition temperature, and T c increases drastically just after the disappearance of the nematic transition [37] . These observations in In this letter, we report the successful growth of superconducting FeSe 1−x S x films with x ≤ 0.43. As x increases, T s decreases, and T c shows a gradual decrease even at the NEP. In addition, samples with large x values shows a rapid increase of the resistivity with a kink at low temperatures, indicative of a magnetic transition, which is not observed for bulk samples at ambient pressure. In spite of the presence of the new phase transition, the behaviors of T c and T s are similar to those of bulk samples. Considering the difference in the phase diagrams between FeSe 1−x S x and FeSe 1−y Te y films, most probable interpretation of our results is that the role of nematicity in superconductivity is not universal in iron chalcogenides.
All the FeSe 1−x S x thin films were grown by a pulsed laser deposition method using a KrF laser [38, 39] . Commercially available LaAlO 3 (100) substrates were used in this study. The substrate temperature, the laser repetition rate, and the back pressure were 300-400
• C, 1-3
Hz, and 10 −8 Torr, respectively. FeSe and FeS polycrystalline pellets were used as target, which were alternatively ablated to obtain single phase FeSe 1−x S x films [26] . Composition analysis was performed for some samples by electron probe micro-analysis (EPMA). The electrical resistivity of the films was measured using a physical property measurement system (PPMS) from 2 to 300 K. showed clear four-fold symmetry patterns (Fig. 2(b) ). We summarize the lattice constants of the grown films in Fig. 2(4 anomaly in the ρ-T curve, which is due to the nematic transition [37] . As S content increases, the kink anomaly becomes broadened gradually. We estimated T s of our films as the position of the local minimum in the dρ/dT curve, whose composition dependence will be discussed later.
FeSe 1−x S x films with large S content show another clear kink behavior at low temperatures, below which the resistivity increases on cooling. The abrupt increase of the resistivity at low temperatures is very similar to what was observed in FeSe and FeSe 1−x S x bulk samples under hydrostatic pressure at an antiferromagnetic transition temperature [24, 40] . This similarity in the ρ-T behaviors suggests that our films with x > 0.18 also show antiferromagnetic order at low temperatures. Note that in bulk samples this kink anomaly in the ρ-T curve was not observed even in samples with x = 0.29 [32] . Thus this behavior is unique in film samples. Although the reason for the appearance of the new phase transition only in film samples at ambient pressure is unclear at present, the lattice strain in the films may play a role. Figure 4 shows the obtained phase diagram of FeSe 1−x S x films on LAO. The S substitution decreases T s , and the nematic order disappears at x ∼ 0.18, similar to the case of bulk samples [11, 14, 18] . T c also shows a monotonic decrease with increasing x values. Note that bulk samples have the maximum value of T c at x ∼ 0.07, which was not observed for our samples. This slight difference in the behavior of T c may be due to the variation in the strength of the lattice strain in our films. With further increasing x, T c gradually decreases even when x exceeds the NEP, and no enhancement in T c was observed. We observed the superconducting transition for x up to 0.43. The behavior of T c and T s is very similar to those of bulk samples. On the other hand, as was described above, what is different from bulk samples is the abrupt increase in ρ at low temperatures, suggesting the presence of a new phase transition. We plotted characteristic temperatures, T * , at which ρ takes its local minimum in Fig. 4 . T * appears after the nematic state disappears, and increases with increasing x. There are two possible interpretations of the phase diagram.
One is that the new phase does not affect T c . The other is that the new phase suppress the superconductivity. In the former case, we expect that T c remains unchanged when the new phase is suppressed in some way, while in the latter case, we expect the increase of T c at the NEP when the new phase is killed. We consider that the latter case is unlikely because the composition dependence of T c of the FeSe 1−x S x films is very similar to those of bulk crystals. Thus the new phase observed below T * may not affect the superconductivity.
Further studies are needed in order to reveal the nature of this new phase transition and to elucidate the reason why it has no impact on superconductivity.
Once the phase diagram of FeSe 1−x S x films was obtained, we compare the phase diagram to that of FeSe 1−y Te y films. As was described earlier, FeSe 1−y Te y shows the rapid enhancement in T c when x exceeds the NEP [37] , which may suggests that the nematic order suppresses the superconductivity. On the other hand, FeSe 1−x S x does not show such a T c enhancement, or rather T c decreases at the NEP. These two contrasting phase diagrams demonstrate that the relation between the nematic order and the superconductivity is not universal in FeSe, suggesting that the nematicity does not have a universal significance in the superconductivity in these materials. These results are consistent with recent results of the pressure effects in FeSe 1−x S x bulk crystals [24] . As was already clarified, the nematic transition will change the band structure and the Fermi surface [3, 4, 41, 42] . In that sense the nematicity will have some effect on the superconductivity in an indirect manner. Indeed, The difference in the behavior of T c between FeSe 1−x S x and FeSe 1−y Te y , which shows an abrupt enhancement in T c after the disappearance of the nematic state, suggests that the nematicity does not play a primary role in the superconductivity of these materials.
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